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Abstract We assessed habitat quality of Zizina emelina, a threatened butterfly in Japan, in the 
farmlands of Kamogawa City, Chiba Prefecture, in central Japan. We established five 50 m census 
routes at three sites, ridges where weeds are mowed only in spring (hereafter, ridges mowed only in 
spring), ridges where weeds are mowed every month after spring (hereafter, ridges mowed every 
month) and meadow of Trifolium repens to count the adult Z. emelina along each route. On the 
ridges mowed only in spring and the ridges mowed every month, there were no significant differ- 
ences in the number of adult Z. emelina individuals during the period from early April to late June 
between the two ridges. However, during the period from late June to early September, the number 
of adults on the ridges mowed only in spring was significantly higher than that on the ridges mowed 
in every month. During the period from early September to late October, the number of adults 
tended to increase on the ridges mowed every month, and decrease on those mowed only in spring; 
as a result, no significant differences were detected in the number of adults between the ridges. Ina 
meadow of Trifolium repens, the adult emergence period was from late August to late October, and 
the peak in the number of adults was in late September. The synthetic dominance of Lotus japoni- 
cus, the larval host plant of Z. emelina, was high at the lower part of both ridges mowed only in 
spring and those mowed every month, and at both sides of a non-paved footpath present around 
paddy fields. On the ridges mowed only in spring, the synthetic dominance of L. japonicus de- 
clined from May to October, while on the ridges mowed every month, it declined from May to 
August, and went up from August to September. This suggests that the synthetic dominance of L. 
japonicus contributed much to the increase in the number of adults during the period from mid 
August to early October on the ridges mowed in every month. From these results, it is suggested 
that, in order to retain a high density of Z. emelina and the predominance of L. japonicus in agro- 
ecosystems, it is important that a mixture of both ridges that are mowed both in spring and every 
month is established in their habitats. Since we observed eggs and larvae of Z. emelina on T. 
repens in the meadow habitat of this study, a meadow habitat is also thought to be important for 
conservation of Z. emelina. 
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Introduction 


In recent years, keeping a perspective on biodiversity conservation has been important for 
the design of world agro-ecosystems. In particular, it is very important to establish appro- 
priate management techniques (Kiritani, 2004). To this end, it is necessary to assess the 
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habitat quality of the organisms living in the agro-ecosystem and clarify the optimal habitat 
conditions for conserving them. 


Among insects, water bugs, diving beetles and butterflies are superior organisms for analyz- 
ing the suitability of habitats due to their relatively large body sizes and conspicuousness, 
which make it easy to identify and count them in the field. Until the present, assessment of 
habitat quality in agro-ecosystems, has been mainly conducted for aquatic insects in Japan 
(Saijou, 2001, 2002; Mukai et al., 2005; Mukai and Ishii, 2007). With regard to butterflies, 
assessment of habitat quality has been conducted for grassland species (e. g. Thomas and 
Harrison, 1992; Thomas et al., 1992; Thomas and Jones, 1993; Hill et al., 1996; Krauss et 
al., 2004; Fowles and Smith, 2006; Liu et al., 2006; Schmitt et al., 2006; Cassel-Lundhagen 
and Sjégren-Gulve, 2007; Louy et al., 2007; Schtickzelle et al., 2007) and tree-dwelling 
butterflies in woodland regions (Greatorex-Davies et al., 1992; Bergman, 2001; Cizek and 
Konvicka, 2005; Kobayashi and Kitahara, 2005; Konvicka et al., 2005; Freese et al., 2006; 
Li et al., 2006; Konvicka et al., 2008; Kobayashi ef al., 2008). However, little attempt has 
yet been made to assess the habitat quality of butterflies living in human managed biotopes 
of an agro-ecosystem. 


In Japan, Zizina emelina (Lepidoptera: Lycaenidae) usually lives in and around the commu- 
nity of Lotus japonicus which grows temporarily on the flood plain of a river, and this plant 
is also the main larval host plant of this butterfly (Fukuda et al., 1984). Z. emelina also in- 
habits short grasslands mowed by human beings, for example, the community of L. japoni- 
cus which grows on the ridges around cultivated fields in an agro-ecosystem (Fukuda et al., 
1984), and the community of Trifolium repens which grows in meadow areas in agroecosys- 
tems, artificial banks, and grassy places along the side of airfield runways. However, in re- 
cent years, the population density of Z. emelina has been declining in farmland and river 
floodplains habitats. Thus, this butterfly species is now ranked as a threatened species I 
(CR+EN) in the Red Data book of Japan (Ministry of the Environment, 2006). 


In the present study, we selected farmland in Kamogawa City, Chiba Prefecture, in central 
Japan as the study area. In this area, there are various types of habitats of Z. emelina, such 
as meadows dominated by 7. repens, ridges where weeds including L. japonica are mowed 
only in March and April facing fallow fields (hereafter, ridges mowed only in spring), and 
ridges where weeds including L. japonica are mowed in every month from March to 
October facing paddy fields to avoid shading the paddies (hereafter, ridges mowed every 
month). However, no attempts have yet been made to assess the habitat quality of Z. emeli- 
na living in the respective biotopes of the farmland. In this study, we aimed to assess the 
habitat quality of Z. emelina populations living in various types of agro-biotopes, and based 
on the results, to discuss a conservation strategy for the species. For the analyses, we exam- 
ined the population density of Z. emelina and the dominance of its host plant, L. japonicus 
in each agro-biotope stated above. 


Life history of Zizina emelina 


In central Japan, Z. emelina overwinters in the larval stage. On the Kanto Plain of central 
Japan, the flight season of adults extends from early April to early November, and the num- 
ber of generations per year is usually 4 or 5 (Fukuda eż al.,1984). L. japonicus is the main 
larval host plant, but Indigofera pseudo-tinctoria, Kummerowia striata, Medicago lupulina, 
and T. repens are also known to be host plants of Z. emelina. 


Study area 
This study was done on the ridges of a paddy field and meadow dominated by T. repens, in 
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Kamogawa City, Chiba Prefecture, central Japan (Fig. 1). The investigation was done at the 
following three sites: 


(1) Ridges facing a fallow field mowed only in spring 


The weeds including L. japonica on the ridges were mowed once in March and once in 
April. The cuttings were removed from the ridges. For this study, mowing was not done 
from May onwards. 


(2) Ridges facing a paddy field mowed in every month 


The weeds including L. japonica on the ridges were mowed once a month from March to 
October. The cuttings were removed from the ridges. 


(3)Meadow of T. repens 


T. repens was widely cultivated in the meadow. T. repens was mowed once every two 
months from April to October. The cuttings were removed from the meadow, and used as 
feed for cattle. 


Materials and methods 


Monitoring the number of adults 


We established five 50 m census routes at each of sites (1)-(3) stated above, and counted the 
adult Z. emelina along each route by transect counts (e. g. Pollard, 1977; Thomas, 1983; 
Yamamoto, 1988; Ishii, 1993; Pollard and Yates, 1993). At that time, nectar plants utilized 
by the adults were also recorded. The transect counts were made five times a month from 
10: 00 to 13: 00 on days with fine or cloudy weather during the period from April to 
October in 2005 and 2006. The interval between each day of transect count was four to 
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Fig. 1. This research was done in Kamogawa City, Chiba Prefecture. 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


28 Takato Kopayasut, Masahiko Kiranara, Yiita Suzuki and Shûji TAcHIKAWA 


(a) Ridge 
Paddy field 








(b) Footpath 








D 
Quadrat 


Fig. 2. The installation method of the quadrat for investigating the dominance of Lotus japonicus. 
Five 1x1 m quadrats were arranged on the slope of ridges, and alongside a foot path. 


nine days. In the study area, since it was difficult to identify Z. emelina, Pseudozizeeria 
maha and Everes argiades by sight because of their similar characteristics, we captured all 
individuals observed with an insect net, and released them at the place captured after iden- 
tification. 


Dominance of L. japonicus 


We established quadrats to examine the dominance of L. japonicus on the ridges mowed 
only in spring and once a month and unpaved footpaths alongside the paddy fields that were 
less than 1 m in width and mowed only in spring and once a month. On the ridges, we es- 
tablished five connected 1x1 m quadrats named A, B, C, D, and E on the slope of the ridges 
as shown in Fig. 2, and regarded these as one set of quadrats. We established five and three 
sets of quadrats on the ridges mowed only in spring and once a month, respectively. Along 
the footpath, we established five connected 1x1 m quadrats named A, B, C, D, and E in the 
center (one quadrat) and on both sides (two quadrats) of the footpath as shown in Fig. 2, 
and regarded these as one set of quadrats. We established four and two sets of quadrats on 
the footpaths mowed only in spring and once a month, respectively. 


Coverage rate was defined as the rate of the part of a sample area covered by a particular 
plant species in a quadrat (Braun-Blanquet, 1964). First, we examined class of dominance 
(i. e. +, r, 1, 2, 3, 4, 5) of Miscanthus sinensis, which is the dominant species on ridges, and 
L. japonicus in each quadrat once a month from May to October in 2005 and 2006. Second, 
we determined the percentage of dominance of each species based on the class of domi- 
nance, as shown in Table 1. Third, we calculated the synthetic dominance of each plant 
species each month using the following equation based on the percentage of dominance. 


Synthetic dominance=(The sum of the percentage of the dominance in all quadrats of the 
species (%)x100)/The number of all quadrats (Braun-Blanquet, 1964) 


In addition, we calculated the annual average of the synthetic dominance of L. japonicus in 
the quadrats of A, B, C, D, and E on all ridges mowed only in spring and those mowed 
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Table 1. Class of dominance and percentage of dominance. 





Class of ; : Percentage of 
dominance The pasista udgmen done (%) 
5 “Coverage rate is larger than 3/4, the number of individuals is arbitrary.” 87.5 (%) 
4 “Coverage rate is 3/4 from 1/2, the number of individuals is arbitrary.” 62.5 (%) 
3 “Coverage rate is 1/2 from 1/4, the number of individuals is arbitrary.” 37.5 (%) 
2 “Coverage rate is 1/10 to 1/4 or, there are very many individuals.” 17.5 (%) 
1 “Coverage rate is smal] although there are many individuals, or although 
coverage rate is large although individuals are grown sparsely. (Coverage 5.0 (%) 
rate is less than 1/10)” 
+ Object kind grows sparsely and coverage rate is very small. 0.1 (%) 
r Object kind grows independently. 0.1 (%) 


every month, and all footpaths mowed only in spring and in every month. 


Further, we measured the height of the grass community at five randomly sampled spots in 
each of quadrats A, B, C, D, and E on all ridges mowed only in spring and those mowed 
every month, and all footpaths mowed only in spring and once a month from May to 
October, and calculated the annual average. 


Statistical analysis 


A Wilcoxon signed-ranks test was used to compare the number of Z. emelina between the 
ridges mowed only in spring and those mowed every month (STATISTICA 2000, StatSoft, 
Inc.). A Kruskal-Wallis test was used to compare the number of Z. emelina among the 
ridges mowed only in spring, those mowed every month, and the meadow dominated by T. 
repenswas (STATISTICA 2000, StatSoft, Inc.). 


Results 


Adult abundance 


In both 2005 and 2006, Z. emelina were observed during the period from early April to late 
October on both ridges mowed only in spring and those mowed every month, while in the 
meadow, they were observed only from mid August to late October (Fig. 3). 


In 2005, the average number of individuals per day was 3.89, 2.57, 1.20 on the ridges 
mowed only in spring, those mowed every month and in the meadow, respectively. In 2005, 
there was a significant difference in the number of adults during the whole of a survey peri- 
od between the ridges mowed only in spring and those mowed every month (Table 2). In 
2006, the average number of adults per day was 2.03, 1.37 and 0.74 on the ridges mowed 
only in spring, those mowed every month, and in the meadow, respectively. In 2006, there 
was a significant difference in the number of adults during the whole of a survey period be- 
tween ridges mowed only in spring and those mowed every month (Table 2). 


In both years, there were five peaks (i. e. from mid April to early May (Fig. 3a), late May to 
early June (Fig. 3b), late June to mid July (Fig. 3c), early August to late August (Fig. 3d), 
and mid September to early October (Fig. 3e)) in the number of adults observed both on the 
ridges mowed only in spring and those mowed every month. 


In both 2005 and 2006, there were no significant differences in the number of adults during 
the period from early April to mid June (corresponding to Figs 3a and b) between the ridges 
mowed only in spring and those mowed every month, whereas during the period from late 
June to early September (corresponding to Figs 3c and d), the number of adults was 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


30 Takato KosayAsui, Masahiko Kiranara, Yûta Suzuxı and Shûji Tacuikawa 


2005 


por as 





2006 


The number of adults per 250m 


























| Nov.14 








| — Ridges mowed only in spring ~©- Ridges mowed every month +: Meadow 


Ren ieee eee eee Mia 





Fig. 3. Seasonal fluctuations of the population of adult Zizina emelina in 2005 and 2006. In both 
years, there were five peaks (i. e. from mid April to early May (a), late May to early June 
(b), late June to mid July (c), early August to late August (d), and mid September to early 
October (e)) in the number of adults observed both on the ridges mowed only those mowed 


in every month. 


significantly greater on the ridges mowed only in spring than on those mowed every month. 
In both years many eggs of Z. emelina were found on the part of L. japonicus mowed on the 


ridges mowed in every month. 


In both years, the adults were most abundant in mid-August, and mid-, and late September 
on the ridges mowed every month, whilst the number of adults in late September became 
slightly less than mid-August on the ridges mowed only in spring. In addition, during the 
period from early September to late October, a high synthetic dominance of M. sinensis was 
observed in places on the transect route established on the ridges mowed only in spring. In 
such places, the dominance of L. japonicus was low and Z. emelina adults were not ob- 


Table 2. Average number of Zizina emelina at mowed ridge only in spring and in every month. 


Mowed ridge only Mowed ridge only 





: ; P? 
in spring in every month 

2005 

The whole of a survey period 3.89+3.43 2.57+2.63 “Z=2.92, P<0.01” 
From April 3 to June 19 1.93+2.13 1.43+1.74 “Z=1.05, P=0.29” 
From June 26 to September 1 5.33+3.80 2.85+2.15 “Z=2.76, P<0.01” 
From September 9 to October 31 5.11+3.22 4.33+3.50 “Z=0.73, P=0.46” 
2006 

The whole of a survey period 2.03+1.54 1.37+1.24 “Z=3.07, P<0.01” 
From April 3 to June 20 1.29+1.66 0.93+1.03 “Z=1.57, P=0.12” 
From June 26 to September 4 2.58+3.80 1.504+1.19 “Z=2.31, P<0.05” 
From September 10 to October 29 2.44+1.26 1.89241.29 “Z=1.35, P=0.18” 





“Wilcoxon signed-ranks test. 
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served. As a result, there were no significant differences in the number of adults between 
both ridges during the period from early September to late October (corresponding to Fig. 
3e). 


In both 2005 and 2006, adult Z. emelina were found from the end of August in the meadow, 
and the number of adults reached a peak late in September, and decreased thereafter (Fig. 
3). During the period in the meadow, we observed eggs and larvae of Z. emelina on T. 
repens. In 2005, the average number of Z. emelina adults on the ridges mowed only in 
spring, those mowed every month, and the meadow dominated by T. repens was 5.55, 3.82, 
and 3,82, respectively, during the period from August 21 to October 26, which correspond- 
ed to the adult flight period in the meadow, and thus, there were no significant differences in 
the number of adults among these three study sites (Kruskal-Wallis test, y’=2.69, P=0.26). 
Also in 2006, the average number of Z. emelina adults on the ridges mowed only in spring, 
on those mowed every month, and in the meadow dominated by T. repens was 2.77, 1.69, 
and 2.00, respectively during the period from August 18 to October 29, which corresponded 
to the adult flight period in the meadow, and thus, there were no significant differences in 
the numbers of adults among the three study sites (Kruskal-Wallis test, y7=4.69, P=0.10). 


In this study, all nectar plants utilized by adults were L. japonicus, T. repens, I. pseudo-tinc- 
toria, Persicaria thunbergii, Trifolium pretense, Picris hieracioides subsp. japonica, 
Taraxacum officinale Weber, Ranunculus silerifolius, Justicia procumbens, Pueraria lobata 
and Hypochoeris radicata. Among these species, L. japonicus, which is also a larval host 
plant, was most frequently utilized by the adults of Z. emelina, which used its flowers as a 
nectar resource. 
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Fig. 4. The average synthetic dominance of Lotus japonicus in each quadrat in 2005 and 2006 and 
the height of the grass community in each quadrat. 
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Fig. 5. Monthly fluctuation of the average synthetic dominance of Lotus japonicus in all the 
quadrats in 2005 and 2006. 


Dominance of L. japonicus 
Synthetic dominance of L. japonicus in quadrats A-E 


In both years 2005 and 2006, the synthetic dominance of L. japonicus was the highest in 
quadrat D at the lower part of the ridges, and low in other quadrats on both the ridges 
mowed only in spring and on those mowed every month (Fig. 4), while the height of the 
grass community in quadrat D was lower than that in quadrats A, B, and C (Fig. 4). 


In both years 2005 and 2006, the synthetic dominance of L. japonicus was high in quadrats 
B and D, followed by quadrat C, and no L. japonicus were found in quadrats A and E either 
on the footpaths mowed in spring or those mowed every month (Fig. 4). On the other hand, 
the height of grass community was lowest in quadrat C, followed by quadrats B and D, and 
it was highest in quadrats A and E (Fig. 4). 


Seasonal fluctuations in the synthetic dominance of L. japonicus and M. sinensis 


In both 2005 and 2006, on ridges and footpaths mowed only in spring, the synthetic domi- 
nance of L. japonicus declined from May to October (Fig. 5), while on the ridges and foot- 
paths mowed every month, the synthetic dominance of L. japonicus declined from May 
until August, but went up from August to September (Fig. 5). On the whole, the synthetic 
dominance of L. japonicus was roughly higher on the ridges and footpaths mowed only in 
spring during the first half of the study period than on those mowed every month, but the 
synthetic dominance was higher on the ridges and footpaths mowed every month than on 
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Fig. 6. Monthly fluctuation of the average synthetic dominance in all quadrats of Miscanthus sinen- 
sis in 2005 and 2006. 


those mowed only in spring in the second half of the period (Fig. 5). 


In both 2005 and 2006, the dominance of M. sinensis was higher on the ridges and foot- 
paths mowed only in spring than on those mowed every month during the period from May 
to October (Fig. 6). 


Discussion 


Relation between mowing on ridges and the density of Z. emelina 


In the present study, it is suggested that the abundance of Z. emelina was largely influenced 
by the activity of mowing in its habitat. The monthly mowing during the period from late 
June to early September apparently caused a decrease in the abundance of Z. emelina. This 
may be due to the removal L. japonicus with the eggs and larvae of Z. emelina and/or with 
the flowers as an important nectar resource of the adults by the frequent mowing. Indeed, 
we found many eggs on L. japonicus mowed at this time. 


On the other hand, the fact that, on the ridges mowed every month, the number of Z. emeli- 
na adults during the period from early September to late October was higher than the other 
periods suggests that the monthly mowing attempts during this period enhanced or main- 
tained the density of Z. emelina. The present study showed that the synthetic dominance of 
L. japonicus was roughly higher on the ridges and footpaths mowed only in spring during 
the first half of the study period, but synthetic dominance was higher on those mowed every 
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month than on those mowed only in spring in the second half of the period. Therefore, it is 
suggested that the highest abundance of Z. emelina during the period from late August to 
late October on the ridges and foot paths mowed every month is intimately related to the en- 
hancement of the dominance of L. japonicus through the influence of monthly mowing dur- 
ing the period. In contrast, on the ridges mowed only in spring, the synthetic dominance of 
M. sinensis was higher than on those mowed every month throughout the study period. 
This suggests that the lower dominance of L. japonicus during the second half of the study 
period on the ridges mowed only in spring was mainly caused by the increase in the bio- 
mass of M. sinensis that was probably due to the absence of mowing management. 


Effects of mowing on ridges on growth of L. japonicus 


The results of the quadrat study suggest that the habitat quality of L. japonicus was high on 
the lower parts of ridges and along the agricultural footpaths on both side of ridges. These 
places were close to cultivated areas or footpaths, and thus were probably those most 
strongly and closely cut by mowing management. This suggests that mowing management 
is advantageous for regeneration of L. japonicus. 


Conservation implications 


From our results, it is suggested that, in order to maintain the high density of Z. emelina 
populations, and the communities of the host plants, L. japonicus, we should mow weeds 
once a month in March and April, and then, there should be a coexistence of ridges mowed 
and those not mowed in the following every month. In fact, since no mowing seems to have 
negative effects on the cultivation of crops, it is desirable that no mowing management after 
April is conducted on ridges facing fallow fields. However, unfortunately in this study, we 
were not able to experimentally establish ridges mowed only in the summer season when 
the dominance of L. japonicus declines. Thus, further studies are needed to understand 
more effective conservation action plans for maintenance of both the butterfly and its host 
plant populations. 


In addition, our study also suggested that meadow dominated by T. repens is important for 
conservation of Z. emelina, because, in this habitat, Z. emelina adults were observed during 
the period from mid-August to late October, and the population level was similar to that on 
the ridges during this period. In addition, eggs and larvae were observed on T. repens. 
However, further studies are needed to clarify the reason for the absence of Z. emelina 
adults during the period from spring to summer seasons, and to understand the importance 
of the meadow habitats for conservation of Z. emelina population. 


In Japan, degradation of agro-ecosystems has been in progress recently due to the decline of 
farmers and/or its aging society. Also in the present study area, incidence of the fallow of 
paddy fields and the abandonment of management on the ridges have been recently increas- 
ing mainly due to the decline of farmers. Thus, it is predicted that, if this situation contin- 
ues in this area, the populations of Z. emelina will become extinct. We emphasize that, in 
order to maintain the present Z. emelina populations in this area, the type of consistent 
mowing management demonstrated in the present study is needed from now on. In addi- 
tion, it is suggested that mowing management revealed in this study might be applicable to 
the conservation of organisms living in a habitat of lawn grass prairie maintaained by fre- 
quent mowing in every year. 


Acknowledgments 


We express sincere thanks to Dr Takenari Inoue of Forestry and Forest Products Research 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


Assessment of Habitat Quality of Zizina emelina 35 


Institute for their useful comments on this study. 


References 


Bergman, K., 2001. Population dynamics and the importance of habitat management for conservation of the 
butterfly Lopinga achine. J. appl. Ecol. 38: 1303-1313. 

Braun-Blanquet, J., 1964. Pflanzenbsoziologie. Springer-Verlag, Wein. 

Cassel-Lundhagen, A. and P. Sjégren-Gulve, 2007. Limited dispersal by the rare scarce heath butterfly—po- 
tential consequences for population persistence. J. Insect Conserv. 11: 113-121. 

Cizek, O. and M. Konvicka, 2005. What is a patch in a dynamic metapopulation? Mobility of an endangered 
woodland butterfly, Euphydryas maturna. Ecography 28: 791-800. 

Freese, A., Benes, J., Bolz, R., Cizek, O., Dolek, M., Geyer, A., Gros, P., Konvicka, M., Liegl, A. and C. 
Stettmer, 2006. Habitat use of the endangered butterfly Euphydryas maturna and forestry in Central 
Europe. Anim. Conserv. 9: 388-397. 

Fowles, A. P. and R. G. Smith, 2006. Mapping the habitat quality of patch networks for the marsh fritillary 
Euphydryas aurinia (Rottemburg, 1775) (Lepidoptera, Nymphalidae) in Wales. J. Insect Conserv. 10: 
161-177. 

Fukuda, H., Hama, E., Kuzuya, K., Takahashi, A., Takahashi, M., Tanaka, B., Tanaka, H., Wakabayashi, M. 
and Y. Watanabe, 1984. The Life History of Butterflies in Japan 3. Hoikusha, Osaka, Japan. (In 
Japanese with English abstract). 

Greatorex-Davies, J. N., Hall, M. L. and R. H. Marrs, 1992. The conservation of the pearl-bordered fritillary 
butterfly (Boloria euphrosyne L.): preliminary studies on the creation and management of glades in 
conifer plantations. Forest Ecol. Manag. 53: 1-14. 

Hill, J. K., Thomas, C. D. and O. T. Lewis, 1996. Effects of habitat patch size and isolation on dispersal by 
Hesperia comma butterflies: implications for metapopulation structure. J. anim. Ecol. 65: 725-735. 

Ishii, M., 1993. Transect counts of butterflies. 7n Yata, O. and K. Ueda (Eds), Decline and conservation of 
butterflies in Japan II. Yadoriga (spec. Issue): 91-101 (in Japanese with English abstract). 

Ishii, M., Hirai, N. and T. Hirowatari, 2008. The occurrence of an endangered lycaenid, Zizina emelina (de 
l’Orza) (Lepidoptera, Lycaenidae), in Osaka International Airport, central Japan. Trans. lepid. Soc. 
Japan 59: 78-82. 

Kiritani, K., 2004. Tadano Mushi Wo Mushishinai Nougyou [Agriculture which does not disregard an ordi- 
nary insect]. 192 pp. Tsukiji-syokan, Tokyo. (In Japanese). 

Kobayashi, T. and M. Kitahara, 2005. Effect of surrounding vegetation on the oviposition preference of 
Sasakia charonda (Lepidoptera: Nymphalidae). J. Forest Res. 10: 167-172. 

Kobayashi, T., Nakashizuka, T., Kitahara, M., Kubo, M. and S. Ito, 2008. Roles of riparian and secondary 
forests in maintaining the near-threatened butterfly, Sasakia charonda (Lepidoptera, Nymphalidae) popu- 
lations in Japan. Eco. Res. 23: 493-502. 

Konvicka, M., Cizek, O., Filipova, L., Fric, Z., Benes, J., Krupka, M., Zamecnik, J. and Z. Dockalova, 2005. 
For whom the bells toll: Demography of the last population of the butterfly Euphydryas maturna in the 
Czech Republic. Biologia 60: 551-557. 

Konvicka, M., Novak, J., Benes, J., Fric, Z., Bradley, J., Keil , P., Hrcek, J., Chobot, K. and P. Marhoul, 2008. 
The last population of the Woodland Brown butterfly (Lopinga achine) in the Czech Republic: habitat 
use, demography and site management. J. Insect Conserv. (in press). DOL: 10.1007/s10841-007-9087-4. 

Krauss, J., Steffan-Dewenter, I. and T. Tscharntke, 2004. Landscape occupancy and local population size de- 
pends on host plant distribution in the butterfly Cupido minimus. Biol. Conserv. 120: 355-361. 

Li, X., Zhang, Y., Luo, Y. and J. Settele, 2006. Life history, life table, habitat, and conservation of Byasa im- 
pediens (Lepidoptera: Papilionidae). Acta ecol. sin. 26: 3184-3197. 

Liu, W., Wang, Y. and R. Xu, 2006. Habita utilization by ovipositing females and larvae of the marsh fritil- 
lary (Euphydryas aurinia) in a mosaic of meadows and croplands. J. Insect Conserv. 10: 351-360. 

Louy, D., Jan Habel, J. C., Schmitt, T., Assmann, T., Meyer, M. and P. Müller, 2007. Strongly diverging pop- 
ulation genetic patterns of three skipper species: the role of habitat fragmentation and dispersal ability. 
Conserv. Genetics 8: 671-681. 

Ministry of the Environment, 2006. Insecta. Threatened Wildlife of Japan—Red Data Book (2nd Edn) 5. 
246 pp. Japan Wildlife Reseach Center, Taito-ku, Japan. 

Mukai, Y., Baba, N. and M. Ishii, 2005. The water system of traditional rice paddies as important habitat of 
the giant water bug, Lethocerus deyrollei (Heteroptera: Belostomatidae). J. Insect Conserv. 9:121-129. 

Mukai, Y. and M. Ishii, 2007. Habitat utilization by giant water bug, Appasus (=Diplonychus) major 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


36 Takato Kosayasul, Masahiko Krranara, Yûta Suzuki and Shûji TACHIKAWA 


(Hemiptera: Belostomatidae), in a traditional rice psddy water system in nortern Osaka, central Japan. 
Appl. Ent. Zool. 42: 595-605. 

Pollard, E., 1977. A nethod for assessing changes in the abundance of butterfies. Biol. Conserv. 12: 115-134. 

Pollard, E. and T. J. Yates, 1993. Monitoring Butterfies for Ecology and Conservation. 274 pp. Chapman 
and Hall, London. 

Saijo, H., 2001. Seasonal prevalence and migration of aquatic insects in paddies and irrigation pond in 
Shimane Prefecture. Jap. J. Ecol. 51: 1-11 (In Japanese with English abstract). 

, 2002. The role of loach-farming paddy on the life cycle of aquatic insects inhabiting lentic habitats. 

Jap. J. Ecol. 52: 155-165 (in Japanese with English abstract). 

Schmitt, T., Habel, J. C., Besold, J., Becker, T., Johnen, L., Knolle, M., Rzepecki, A., Schultze, J. and A. 
Zapp, 2006. The Chalk-hill blue Polyommatus coridon (Lycaenidae, Lepidoptera) in a highly fragment- 
ed landscape: How sedentary is a sedentary butterfly? J. Insect Conserv. 10: 311-316. 

Schtickzelle, N., Turlure, C. and M. Baguette, 2007. Grazing management impacts on the viability of the 
threatened bog fritillary butterfly Proclossiana eunomia. Biol. Conserv. 136: 651-660. 

Thomas, J. A., 1983. A quick method for estimating butterfly numbers during surveys. Biol. Conserv. 27: 
195-211. 

Thomas, C. D. and S. Harrison, 1992. Spatial dynamics of a patchily distributed butterfly species. J. anim. 
Ecol. 61: 437-446. 

Thomas, C. D. and T. M. Jones, 1993. Partial recovery of a skipper butterfly (Hesperia comma) from popula- 
tion refuges: lessons for conservation in a fragmented landscape. J. anim. Ecol. 62: 472-481. 

Thomas, C. D., Thomas, J. A. and M. S. Warren, 1992. Distributions of occupied and vacant butterfly habi- 
tats in fragmented landscapes. Oecologia 92: 563-567. 

Yamamoto, M., 1988. On the research method for butterfly assemblages. Spec. Bull. lepid. Soc. Japan 6: 
191-210 Gn Japanese with English summary). 


if Ea 


RIbIC BITSY VET YY 3 DH BO MRT RE URREA RER RREK + 
MA) 


HERA ARO PHBA ORBMIC BWC, VVET YY = Zizina emelina DÆ EWWA EITO I. 
RIEL, RAEOAK ROA OWA 4 DN AE (RAO AM V FODER RENREN 
Al) HAV D4 FILA ER GEA AY OAL OMERE) BU, BHM IC RAR HN SV — be 
Lie. REOAN V EV OMERE L 72:5 XY ELV ORRORE OTA ARCO TAIL 4 MOP 6H PAI 
PYTAL EaD ADo ZA, OH PAP SIOA MY ETRA OAV ORM BVOT 
ee a a a ENE k 
0 LARC l Ror. LEL, n 10 H Pm icastt Cisse Ml POOE BOTE 
PAB ABLES IME CH oO L, EEX YO OOREEN BU ARRA L, E O E oA 
RADORE EZER SNE l ore. RE ClE8 H rro REIER NA LIICRYLOA 
TEKCE- 7 eA, TORBILMY Crock. RHOMHORE CHS 3 VIFVORAEARIS 
REO AA V HOB LOGE AY HO OMA OIE Tmi & FMA OAR A Be © AS DETE 
Pot. EROAN) Y FODER Z BO Tt, SV IAFHIIS ADS 10 H TRAETERA L 
Too. CMICML, ÆRA VOORE CIS H 2D 8 H ETARE L2, 8 H7 
DIHKEAYTALA L, COLE AEAAD oR OMMICBIFS SHOPS ION LW ECOY 
WEF VV OREOWMIMERIAS COZ Z EDERE SHE. MEORE k V, BWB OTY 
EF VV OBE LTORNCHALVISVORBAER Za (RO IIs, BEN YO PV OREM CEA 
All) LV OMEUE % FE FF SAE SC LPHBE LW LRDNS. SHOWER CI, VUY TORET, 
SHPARPSIARPMECL PY VETY VI ORE r RT Rok. COMME BODITS 
IRT APOD, VOY AFHILBWTHINCM DS EBS NEO CY IY RAH ORTH b 
KEREC Eo CDE CH ALB Z DIK. 
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